A Gram-stain-negative, strictly aerobic, non-flagellated, non-gliding, catalase-positive, long-rod-shaped bacterium designated strain CSW06 T , was isolated from surface seawater of the Bohai Sea. Optimal growth occurred in the presence of 4 % (w/v) NaCl, at pH 7 and at 28 C. The predominant fatty acids (>10 % of total fatty acids) were iso-C 15 : 1 G, iso-C 17 : 0 3-OH and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c). The major polar lipids were phosphatidylethanolamine, two unidentified phospholipids and one unidentified aminolipid. The DNA G+C content of CSW06 T was 50.3 mol%. The predominant isoprenoid quinone detected was menaquinone with six isoprene units . All members of this genus were isolated from saline environments, i.e. salt lake, coastal hot spring, intertidal or tidal flat sediment, crudeoil-contaminated seawater and Antarctic seawater. Members of this genus are all Gram-stain-negative, rod-shaped, facultatively anaerobic or strictly aerobic. Their fatty acid profiles are characterized by large amounts of branchedand straight-chain fatty acids. The DNA G+C content of members of the genus Muricauda is 41-51 mol% and the major isoprenoid quinone is MK-6. Because of the diversity of its ecological niches and physiological characteristics, the genus Muricauda has attracted much interest. An aerobic long-rod-shaped bacterium, designated strain CSW06 T , was isolated from surface seawater of the Bohai Sea at station B60 (28 44¢ N 122 35¢ E) during the expedition of the R/V 'Dong Fang Hong 2' in September 2015. The aim of the present study was to determine the exact taxonomic position of CSW06
The genus Muricauda was proposed by Bruns et al. [1] and its description was emended by Yoon et al. [2] and Hwang et al. [3] ; the genus Muricauda is a member of the family Flavobacteriaceae in the phylum Bacteroidetes. At the time of writing, the genus Muricauda comprised 11 species: Muricauda ruestringensis [1] , Muricauda flavescens, Muricauda aquimarina [2] , Muricauda lutimaris [4] , Muricauda olearia [3] , Muricauda lutaonensis [5] , Muricauda beolgyonensis [6] , Muricauda taeanensis [7] , Muricauda antarctica [8] , Muricauda pacifica [9] and Muricauda zhangzhouensis [10] . All members of this genus were isolated from saline environments, i.e. salt lake, coastal hot spring, intertidal or tidal flat sediment, crudeoil-contaminated seawater and Antarctic seawater. Members of this genus are all Gram-stain-negative, rod-shaped, facultatively anaerobic or strictly aerobic. Their fatty acid profiles are characterized by large amounts of branchedand straight-chain fatty acids. The DNA G+C content of members of the genus Muricauda is 41-51 mol% and the major isoprenoid quinone is MK-6. Because of the diversity of its ecological niches and physiological characteristics, the genus Muricauda has attracted much interest. An aerobic long-rod-shaped bacterium, designated strain CSW06 T , was isolated from surface seawater of the Bohai Sea at station B60 (28 44¢ N 122 35¢ E) during the expedition of the R/V 'Dong Fang Hong 2' in September 2015. The aim of the present study was to determine the exact taxonomic position of CSW06
T by using polyphasic characterization.
CSW06
T was isolated by the standard dilution plating of the seawater on marine agar 2216 (MA; Becton Dickinson), after incubation at 28 C for about 2 weeks. After primary isolation and purification, working cultures were routinely maintained on MA at 28 C and stocks were preserved as a suspension in sterile 0.85 % (w/v) saline supplemented with 15 % (v/v) glycerol at À80 C. Genomic DNA extraction and PCR amplification, cloning and sequencing of the 16S rRNA gene were performed according to the protocols of Yu et al. [11] . The almost complete 16S rRNA gene sequence (1482 nt) was manually checked and submitted to GenBank (KU315485). Pairwise similarity values between CSW06 T and type strains of closely related species were calculated using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) [12] . Sequences were aligned using CLUSTAL X1.8 program [13] . Phylogenetic trees for the 16S rRNA gene were reconstructed based on the neighbour-joining (NJ) algorithm [14] , maximum-likelihood (ML) algorithm [15] and maximum-parsimony (MP) algorithm [16] . Distances were calculated using Kimura's two-parameter model [17] for neighbour-joining and maximum-likelihood trees. The complete deletion option was used in the NJ, ML and MP) algorithms. The topology of the phylogenetic trees was evaluated by the bootstrap resampling method of Felsenstein [15] with 1000 replicates. Nearest-neighbor-jnterchange (NNI) was used for the ML analysis. MEGA7 software was used for all analyses.
T showed the highest 16S rRNA gene sequence similarity with M. lutimaris KCTC 22173 T T , clustered with other species of the genus Muricauda in the neighbour-joining tree (Fig. 1) . Moreover, CSW06
T was clustered in the middle of other species of the genus Muricauda in the maximum-likelihood and maximum-parsimony tree (Figs S3 and S4, available in the online Supplementary Material). Thus, we classified CSW06
T as representing a novel species within the genus Muricauda, which was also confirmed by other physiological and biochemical characteristics (see below).
Cell morphology of CSW06
T was determined by transmission electron microscopy (JEM-1200EX; JEOL) after exponential phase cells had been negatively stained with 1 % (w/ v) phosphotungstic acid. Gram staining and flagellum staining were performed according to the methods of Beveridge et al. [18] . The presence of gliding motility and the production of flexirubin-type pigments were investigated using the methods described by Bernardet et al. [19] . To test anaerobic growth, strains were cultured on MA with cysteine (0.01 %, w/v) added as a reductant and resazurin (0.02 %, w/ v) added as an indicator of anaerobic conditions, sealed in an anaerobic jar filled with nitrogen and a packet of AneroPack-Anaero (Mitsubishi Gas Chemical) at 28 C for at least 1 month. The temperature range for growth was determined on MA plates by incubating cultures at 10-47 C (10, 16, 20, 24, 28, 32, 37, 42, 45 and 47 C) for 5 days, and at 0 C and 4 C for at least 30 days. In salt tolerance experiments, distilled water was used to prepare synthetic marine ZoBell broth (5 g peptone, 1 g yeast extract and 0.01 g FePO 4 in 1 l water). NaCl concentrations were adjusted to 0, 0.5 and 1-15 % (w/v, at intervals of 1 %). The pH range for growth was determined in MB adjusted to pH 5.0-11.0 at intervals of 1.0 pH unit using the following buffer systems: MES (pH 5.0-6.0), MOPS (pH 7.0), Tricine (pH 8.0), TAPS (pH 9.0), CAPS (pH 10.0) and Na 2 CO 3 /NaHCO 3 (pH 11.0). Salinity and pH ranges for growth were investigated in test tubes with 5 days shaking at 28 C. The following phenotypic tests were carried out according to the standard approaches [20] except that sterile seawater substituted for distilled water: tests of catalase and oxidase activities, nitrate reduction, H 2 S production from thiosulfate and hydrolysis of starch, carboxymethyl (CM)-cellulose, casein, gelatin and Tweens 20, 40 and 80. DNase activity was examined by using DNase agar (Qingdao Hope Bio-technology) according to the manufacturer's instructions. Degradation of chitin was examined on chitin agar with sterile seawater [21] . Activities of constitutive enzymes, fermentation/oxidation profile, aerobic acid production and substrate utilization of CSW06 T were determined by using API 20E, API 20NE, API 50CH B/E and API ZYM strips (bioM erieux) and GN2 MicroPlates (Biolog) according to the manufacturers' instructions except that sea salts were used to prepare the inocula. The morphological, physiological and biochemical characteristics of CSW06 T are given in Table 1 and the species description.
For cellular fatty acid analysis, CSW06
T and the reference strains were grown on MA at 28 C for 48 h, when the bacterial communities reached the late exponential stage of growth according to the four quadrants streak method [22] . Fatty acid methyl esters were prepared and analyzed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.10), and then identified using the built-in TSBA6.0 database [22] . For analysis of the polar lipids and respiratory quinones, cell mass was harvested after incubation at 28 C for 48 h in MB and then freeze-dried. Polar lipids were extracted according to the protocol of Minnikin et al. [23] , separated by two-dimensional TLC on silica gel 60 F254 plates (Merck) and identified by spraying with the appropriate detection reagents [24] . The respiratory quinones of CSW06 T were extracted with chloroform/methanol (2 : 1, v/v) and identified by high performance liquid chromatography-mass spectrometry (HPLC-MS) as described by Xie and Yokota [25] . The genomic DNA of CSW06
T was extracted according to the method of Moore et al. [26] and the DNA G+C content was determined by reversed-phase HPLC according to the protocol of Mesbah et al. [27] .
The cellular fatty acid profiles of CSW06 T and the reference strains are shown in Table S1 . The major cellular fatty acids (>10 % of total fatty acids) of CSW06
T are iso-C 15 : 1 G, iso-C 17 : 0 3-OH and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c), which were basically similar to those of M. lutaonensis KCTC 22339
T except for some differences in the fatty acid components and the proportion of some fatty acids, e.g. CSW06
T lacks iso-C 15 : 0 and has more iso-C 15 : 1 G, iso-C 17 : 0 3-OH and summed feature 3 (iso-C 15 : 0 2-OH/C 16 : 1 !7c) than M. lutaonensis KCTC 22339 T (Table S1 ), the major fatty acids of the five strains examined include iso-C 15 : 1 G and iso-C 17 : 0 3-OH, which indicate that CSW06 T should be assigned to the genus Muricauda, but represents a novel species in this genus. The polar lipids profile of CSW06 T comprised phosphatidylethanolamine, two unidentified phospholipids and one unidentified aminolipid. (Fig. S2 ), which were a little different from those of the four reference strains. Phosphatidylethanolamine is found in all the reference strains. CSW06
T has phospholipids that M. lutaonensis KCTC 22339
T [9] , M. lutimaris KCTC T represented a novel species of the genus Muricauda. A number of differences in physiological, phenotypic and biochemical characteristics, including the temperature, NaCl and pH ranges (and optima) for growth, facultative anaerobic growth, constitutive enzyme activities listed in Table 1 , the polar lipids profile and the proportions of the fatty acids listed in Table S1 could also be used to distinguish CSW06
T from all the other species of the genus Muricauda. Based on all the findings described above, CSW06
T was assigned to the genus Muricauda as a representative of a novel species, for which the name Muricauda lutea sp. nov. is proposed.
Muricauda zhangzhouensis 12C25 T (JN426849)

Muricauda olearia CL-SS4 T (EU888117)
Muricauda taeanensis 105 T (JF714702)
Muricauda antarctica Ar-22 T (JN166984)
Muricauda flavescens SW-62 T (AY445073)
Muricauda beolgyonensis BB-My12 T (HM355805)
Muricauda aquimarina SW-63 T (AY445075)
Muricauda ruestringensis DSM 13258 T (CP002999)
Muricauda lutimaris KCTC 22173 T (EU156065)
Muricauda pacifica JCM 17861 T (JN118551)
Muricauda lutaonensis KCTC 22339 T (EU564844)
Muricauda lutea CSW06 T (KU315485)
Croceitalea eckloniae DOKDO 025 T (DQ191183)
Croceitalea dokdonensis DOKDO 023 T (DQ191182)
Flagellimonas eckloniae DOKDO 007 T (DQ191180)
Spongiibacterium flavum A11 T (FJ348473)
Spongiibacterium pacificum SW169 T (JX501249)
Aureicoccus marinus SG-18 T (AB557547)
Pseudozobellia thermophila KMM 3531 T (AB084261)
Maribacter
Bacteroides fragilis NCTC 9343 T (CR626927) . The results obtained using API strips (bioM erieux) and GN2 MicroPlates (Biolog) for the five strains are from this study. +, Positive; À, negative. 
Muricauda lutea (lu¢te.a. L. fem. adj. lutea, orangecoloured).
Cells are Gram-staining-negative, strictly aerobic, longstraight-rod-shaped and non-motile. The cells are approximately 0.4 µm in diameter and 2.4-8.2 µm in length (Fig. S1 ) and appendages or buds form after incubation on MA at 28 C for 24 h. Colonies on MA are orange, circular, slightly transparent, convex and smooth with an entire margin of 0.5 mm in diameter after incubation for 24 h at 28 C. Growth occurs at C with an optimum temperature at 28 C. The pH range for growth is 6.0-9.0 (optimum 7.0). Growth is observed at NaCl concentrations (w/v) of 1-7 %; with an optimum value of 4 %. Flexirubin-type pigment is formed. Oxidase is negative while catalase is positive. Negative for H 2 
